CSIRO established its first overseas research laboratory on biological control at Montpellier in late 1966 to start a programme on skeleton weed, Chondrilla juncea L.). The laboratory was set up to develop the science to underpin effective biological control, by parallel studies in the native and introduced range of Australia's pests. Since establishment within a French research agency (CNRS), the facility moved in 1994 from rented facilities into a purpose-built CSIRO-owned facility, with support from Australian industry bodies and the French government. This facility has been CSIRO's largest long-term overseas investment in research. The core focus on biological control of weeds has been increasingly supplemented by other research activities that are not otherwise possible within Australia. We present an economic and scientific review of the laboratory on its 40th anniversary. The facility cost on average Aus$1.3 million (2006 $$) per year (67% on direct research activities and 33% of infrastructure and administration) and generated at least $27 benefit for Australia for every $1 invested. Staff produced 279 publications of which 159 are in journals that are currently ISI rated (average citation rate in 2007 was 14.8 per ISI journal paper).
Introduction
Classical biological control aims to suppress invasive exotic pest populations by releasing specialist natural enemies, termed biocontrol agents, selected from the native range of the pest, while generating no or acceptably low non-target impacts (see Briese, 2000a) . In this context, the native range of the target pest is the source of most biocontrol agents. These agents need to be found, identified, and any risks they may pose following introduction assessed by exposing them to native and commercially important species using a centrifugal phylogenetic approach (Wapshere, 1974; Briese, 2005) prior to importation into the invaded region. Countries, and their research agencies, around the world that practise classical biological control of exotic pests, tend to achieve this in one of three ways:
Scientific staff select potential biocontrol agents overseas during visits to the pest's native range and import them to a quarantine facility for detailed assessment. The Plant Protection Research Institute in South Africa has largely adopted this approach. Contracted or collaborative research arrangements are set up with a research-provider agency to conduct the native range aspects of the research, including exploration and risk assessment. Agriculture Canada, certain US States, Landcare Research New Zealand, Queensland (Australia) and many developing countries have often adopted this approach with CABI as the dominant research provider.
Research agencies set up their own overseas research facilities in the native range of the pest so that they can manage the whole biological control programme and carry out risk assess-1.
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ment and efficacy evaluation overseas prior to, or in conjunction with, agent importation and release. The Australian government agency, CSIRO, and USDA-ARS have largely followed this approach. Australia has or has had its own facilities in Europe, South Africa and Central America and USDA-ARS has its own facilities in Europe, South America, Asia and Australia. The USDA-ARS Australian Biological Control Research Laboratory is actually now run by CSIRO. Similarly, CSIRO also contracts survey work to the USDA South American Biological Control Laboratory.
These three options represent a progression in the scale of investment in native range research, the payoff for which has been historically argued as a) improving the chance of a successful biological control programme (Gurr and Wratten, 2000) through singleagency management of risk and efficacy assessment, release and establishment; b) greater understanding of the target through comparative ecological and genetic studies between the invaded and native range; c) greater understanding of the ecology of potential biocontrol agents and interactions with the target; and d) opportunities for enhancing the general scientific-basis of both the agent selection based on prediction of efficacy, and agent risk assessment components of biological control programmes. Additionally, the location of an agency outpost in another country offers compelling opportunities for increased international collaboration.
No previous review has evaluated any of these three options, either individually or collectively, for either a) economic return on investment, or b) scientific performance and outputs. In November 2006, the CSIRO European Laboratory (CSIRO-EL) celebrated its 40th year in Montpellier, France. This paper reviews the economic returns and scientific performance of this facility over the 40 years, including a short history of CSIRO-EL during that period.
Research activities
Weed biological control projects undertaken at the facility in its 40 years include 30 targets across 27 genera of weeds (Table 1) . Seven projects focusing on genera (Rubus, Onopordum, Fumaria, Reseda, Sonchus, Vulpia and Convolvulus) . At least 73 species of potential agents, including 11 plant pathogens, were tested. Fortytwo species of agents were released in Australia, including four plant pathogens. These were the rusts Puccinia chondrillina Bubak & Sydenham (four strains) for control of Chondrilla juncea L.; Phragmidium violacium (Shultz) Winter (nine strains) for Rubus spp.; Uromyces heliotropii Sred. for Heliotropium europaeum L.; and Puccinia cardui-pycnocephali Sydow for Carduus pycnocephalus L. and Carduus tenuiflorus Curtis. The chronology of these releases is given in Figure 1 .
Three biocontrol projects targeting insects and two targeting snails also led to releases of three insect biocontrol agents [two against Sitona weevil and one against Mediterranean snails, Theba pisana (Müller)] in Australia. Work at the facility also contributed to Australia's highly successful dung beetle project that is widely accepted to have both increased carbon and nitrogen cycling and to have lessened the public nuisance from bush flies (Edwards, 2007 
Project benefits and costs
Of the 33 classical biological control research programmes undertaken at the Montpellier facility, 11 are considered to have led to some level of success in measurable economic terms (Table 1) . Most successful biological control programmes worldwide have not been subjected to economic benefit/cost analysis. Fortunately, many of the biological programmes undertaken at the facility were included in a recent economic analysis of weed classical biological control programmes across Australia (Page and Lacey, 2006) . This report can be criticized for often using very limited or subjective data, but for most programmes these analyses are the best available. Certain biological control programmes had relatively in-depth economic assessments conducted prior to the report, particularly the programmes against C. juncea (Cullen, 1976; Marsden et al., 1980) , Echium plantagineum L. (IAC, 1985) , Carduus nutans L. (Young and Woodburn, 2002) and Onopordum thistles (Meat & Livestock Australia, 1993, unpublished data) . In most cases, Page and Lacey (2006) took these assessments into account, thereby ensuring more rigorous analysis and sounder conclusions. Certain biocontrol programmes based at the facility have never been economically evaluated, however, despite widespread agreement of realized benefits. These include programmes targeting Rumex pulcher L. and Hypericum perforatum L., and other programmes not targeting weeds, i.e. the dung beetle programme (Edwards, 2007) .
CSIRO European Laboratory
benefit/cost analysis halved to reflect the contribution made by native range research at the facility; the remainder considered to result from the Australian-based activities. Estimates of the benefits to Australia from the research conducted at the facility are therefore conservative. Costs for the facility were based on estimates of the direct costs of the facility and full research project costs, rather on the project costs associated with each of the relevant programmes as used in Page and Lacey (2006) .
During the 40 years, the facility has had eight officersin-charge (OIC), 18 other scientists, 39 project officers, 7 administration staff, 14 casual staff, 34 undergraduate students, 21 postgraduate students and 17 scientific visitors (based at the facility for at least several months). Annual expenditures of the facility by CSIRO (set at 2006 Aus$ values using published historic consumer price index data) are presented in Figure 2 . These expenditures from 1986-87 onwards were calculated 1966-67 1967-68 1968-69 1969-70 1970-71 1971-72 1972-73 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 1989-90 1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999- based on financial records at the facility produced by the OIC. Prior to that, financial data were only available for the 1980-81 financial year. These data presented detailed and research costs and salaries per Australian and local project staff and per admin staff. These data were used to estimate costs in intervening and earlier years based on the quarterly records of the number of staff employed at the facility. Data on external funding from primary industry research and development corporations (RDCs) were also available ( Figure 2) and, where necessary, extrapolated to years for which data were not available (1966-1980 and 1983-1986) ; although prior to 1985, apart from some early funding from the Wheat Industry Research Council, external funding was limited. The construction of the new CSIRO European Laboratory on the Baillarguet campus between 1992 and 1993 resulted in significant additional once-off costs of c.Aus$2 million (equivalent to Aus$2.9 million in 2006 Aus$); 55% came from Australian RDC's (facility construction) and 30% from the Languedoc-Roussillon region (subsidies to servicing) and district of Montpellier (glasshouse construction).
The total conservative benefits of the research at CSIRO European laboratory are presented in Figure 3 next to the total costs of the facility over its 40-year life. The facility cost an average of Aus$1.33 million (2006 Aus$) per annum to run per year, 67% of which was spent on direct research activities and 33% on infrastructure and administrative costs. Research over the 40 years provided a Aus$1.43 billion benefit to Australian primary industries. This represents a benefit/cost ratio of 27:1, a result that is similar to the overall 23:1 benefit/cost ratio from all weed biological control research in Australia as calculated by Page and Lacey (2006) . The CSIRO-European Laboratory has been an effective research investment in the native range of pests as part of Australia's overall strategy for weed biological control. In addition, it has provided the basis for successful programmes in other countries, e.g. Sitona weevil in New Zealand.
Science performance
All publications from the CSIRO European Laboratory over the 40-year period were collated, including papers written by staff while at the facility and papers written based on research carried out at the facility. The list includes 279 publications of which 159 are in journals that are currently ISI rated (Figure 4 ). Of these, 197 were research papers that addressed agent surveys and taxonomy (11%), biology and host specificity (37%), release and evaluation (8%), agent ecology (18%) agent-target interactions (8%), target ecology, genetics and evolutionary biology (12%) and ecological theory (3%). The remainder consisted of 51 reviews, 20 technical notes and 10 book chapters. These publications were produced by 21 CSIRO staff at the facility and by The journal papers from journals currently ISI rated have an average citation rate of 14.8 per paper in comparison with the CSIRO-wide average of 7.9 for Agricultural Sciences and 11.6 for Ecology and Environment (CSIRO, 2007) . The CSIRO-European Laboratory has also successfully produced four PhD, 11 MSc and at least 34 undergraduate project dissertations.
Discussion
After 40 years, the CSIRO European Laboratory has had a very significant impact on the control of invasive species of European origin in Australia as well as a widely accepted significant impact to nutrient recycling by way of its contribution to activities on dung beetles (Edwards, 2007) . The economic benefits achieved from research conducted at the facility have been twenty-seven times its total costs and the scientific performance of the research in terms of research publications and citations is better than the relevant average for CSIRO (CSIRO, 2007) . Without similar reviews of other less costly investment models used by biological control research agencies for native range studies outlined in the Introduction, it is hard to evaluate whether the higher costs of an overseas facility yield greater net benefits or increased scientific impact. It would be hard to argue that CSIRO has had a higher success rate in biological control programmes than in countries adopting these other models, such as South Africa, Canada and New Zealand. However, CSIRO has built a strong track record and international reputation in biological control research based on the research activities at the Montpellier facility. A benchmark paper on centrifugal phylogenetic approach to agent risk assessment (Wapshere, 1974) and his highly cited paper on global plant invasions (Lonsdale, 1999) were written while their authors were Officersin-Charge. The facility produced the first successful programme in classical biological control using a plant pathogen (Cullen et al., 1973; Cullen, 1978 , Burdon et al., 1981 . This innovative result opened the door to using plant pathogens as biological control agents around the world (Cullen and Hasan, 1988; Barton, 2004; Morin et al., 2006; Fisher et al., 2007) . Some of the first work on the genetic interactions between pathogen/insect and host-plant genotypes in natural systems took place at the facility (Michalakis et al., 1993; Chaboudez and Burdon, 1995; Briese et al., 1996; Espiau et al., 1998) . Work at the facility led to many key papers in characterizing insect herbivore communities (Briese et al., 1994) and the population ecology of insect-plant interactions Briese, 1996 Briese, , 2000b . Research over many years comparing the ecology (Paynter et al., 1998; Grigulis et al., 2001; Jongejans et al., 2006) and evolution (O'Hanlon et al., 1999) of plants in their native European range with parallel work as invaders in Australia was also carried out through the facility. Such studies are now seen as a key approach to understanding invasion and biological control processes (Hinz and Schwarzlaender, 2004; Hierro et al., 2005) . Collaboration between the CSIRO European Laboratory, CABI and Imperial College in the U.K. also led to an integration of ecological modelling to better understand such plant invasions (Rees and Paynter, 1997; Rees et al., 1999) and their interactions with biological control 1 9 7 0 1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4 1 9 7 5 1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9 1 9 8 0 1 9 8 1 1 9 8 2 1 9 8 3 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 agents (Buckley et al., 2005) . In summary, the scientific returns to CSIRO of having a research facility in France have been substantial and have heralded many collaborative projects with USDA-ARS, CABI, French and European agencies and universities and the home agencies of visiting scientists that spent time at the facility.
Future directions
The data presented in Figures 1, 2 and 4 show a decline in activity at the facility since a peak in the early 1990s. A number of factors contributed to this decline. First, Europe and the surrounding Old World countries are declining in importance as a source of invasive pests for Australia. Continents such as Asia, South America and Africa are the contemporary sources of many of Australia's weeds and pests. Second, the funding streams for projects that require overseas research activities are increasingly hard to attract, as governments and Rural Development Corporations seek short-term, sometimes politically motivated, measurable impacts and returns. A funding crisis throughout the 1990s for biological control research based on its inherent risk and longterm horizons has been widely recognized (Sheppard et al., 2003) , including by the Australian Weeds Committee, and has yet to be resolved. Third, the costs of overseas facilities have, along with the costs of scientific research generally, increased enormously, making it harder to provide sustainable project funding for a small laboratory restricted to research not possible in Australia. Increasing stringent occupational health and safety standards make increasingly expensive purposebuilt research facilities a far more rational option for today's scientific needs than the rented premises used by the CSIRO Biological Control Unit for 13 years through the 1970s to 1980s. Finally, direct research collaboration between international research agencies is now the norm, through staff exchanges and the sharing of research facilities. Permanent overseas facilities are often considered too inflexible to accommodate the ever-changing international collaborative interests of research scientists. Agencies with their own overseas facilities appear increasingly isolationist to the modern scientific community. Nonetheless, the management of exotic weeds and pests and preparing for the increasing biosecurity threats associated with increased world trade ensures the maintenance of an overseas capability to undertake research on pest species before they arrive. In this latter-day context, CSIRO European Laboratory should increasingly represent a keystone to Australia's future biosecurity strategy.
